Pomegranate (Punica granatum L.) is one of the oldest edible fruits cultivated in Lebanon but the diversity of its germplasm has not been addressed yet. The present study presents the first assessment of local pomegranates growing in the country. A set of 78 pomegranate local accessions sampled from the main production areas across the country were evaluated by using twenty-eight quantitative and ten qualitative descriptors. A large variability was revealed among accessions based on the traits studied. Principal component analysis showed that male and hermaphrodite flowers, petal width as well as fruit weight, diameter and length, in addition to juice pH and sugar/acid ratio, were the most discriminating traits. Big sized fruits up to 358.6 g were found for Lefani SL67, Lefani ML25 and Mokh El Baghl SL59 accessions while the juiciest fruits were recorded for Mokh El Baghl SL65, Hamod BH41 and Hamod B54 accessions with 75-78%. The PCA bi-plot allowed to differentiate the studied accessions in three main groups based mainly on the juice pH and sugar/acid ratio: the sweet accessions called Helou, the intermediate taste accessions named Lefani and the sour accessions generally designated as Hamod. Although preliminary, the results of this study indicate a significant diversity within the Lebanese pomegranate germplasm that should be further completed by a DNA analysis to understand the genetic structure of this germplasm with respect to conservation and breeding strategies. 
Introduction
Native to Central Asia, Punica granatum L. commonly named pomegranate, has spread to the Mediterranean Basin, Southern Asia and several countries of North and South America. It is a temperate-climate species that requires high temperatures to mature properly, but it is also easily spread in arid and semi-arid areas of the world, as it is tolerant to salinity and water scarcity (Zaouay and Mars, 2011; Martínez et al., 2016) . Since ancient times, the fruit has been a symbol of fertility and has been mentioned in the Bible and the Koran (Mars, 2000; Ismail et al., 2014) . It is consumed in various ways such as fresh fruit, juice, vinegar (Kaya and Sozer, 2005) , and for medicinal purposes (Lansky and Newman, 2007) . Moreover, there is a growing interest in pomegranate as a healthy and pleasant fruit of great benefit in the human diet (Martinez et al., 2012) because of its high content of antioxidants where the major anthocyanin (cynidin, delphinidin and pelargonidin), ascorbic acid and phenolic acids, either alone or in combination are responsible for the antioxidant activity of pomegranate arils (Kulkarni and Aradhya, 2005) .
Commercial plantations are concentrated in Iran which is considered as one of the biggest producers and exporters of pomegranate fruit in the world (Alighourchi and Barzegar, 2009) and in Turkey which is one of the main pomegranate producers among the Mediterranean countries (Caliskan and Bayazit, 2013) . In India pomegranate is considered one of the most important fruits because of low maintenance cost, good yields, good keeping quality, and ability to thrive with limited moisture (Indian Council of Agricultural Research, 2005) . Important pomegranate production is found in USA (California), Russia, China and Japan (Orhan et al., 2014) . The tree is easy to grow without special requirement, tolerates saline and heavy soils much better than any other crop and therefore plays a major role in valorizing marginal lands especially (Mars, 2003) .
A wide range of varieties are cultivated worldwide where more than 500 pomegranate cultivars have been named (IPGRI, 2001) . However synonymy, where same basic genotype is known in different regions by different names, is highly present in the case of the pomegranate (Stover and Mercure, 2007) . This synonymy is likely encouraged by the fact that husk and aril color can vary when grown in different regions (Stover and Mercure, 2007) .
Classifications have focused on the pomological characteristics such as color, shape, and other agronomical characteristics of the fruit (Ercan et al., 1992; Polat et al., 1999; Ozkan, 2005; Orhan et al., 2014) . Aril color, hardness of the seed, maturity, juice content, acidity, sweetness and astringency are considered among the most important traits too (Stover and Mercure, 2007) . For instance, ''Hicaznar" is the most popular cultivar in different regions in Turkey and has very appealing properties for consumers (Caliskan and Bayazit, 2013) . ''Wonderful" is the most popular cultivar in USA and considered among the most deeply colored of pomegranate in both husk and juice, with rich flavor, good juice yield. ''Mollar de Elche" is the cultivar grown in Spain with high yield, excellent internal fruit quality, large size, long harvest period, and great consumer acceptance (Costa and Melgarejo, 2000; Stover and Mercure, 2007; Caliskan and Bayazit, 2013) . Large variability and sometimes unusual features such as spur-type growth habit, double flowers and white flowers characterize Chinese cultivars (Verma et al., 2010) . Evergreen cultivars are also known and have been reported to be originated from India (Singh et al., 2006) . Seedless fruit is a desirable economic trait that improves the consumptive qualities of fruits (Mars, 2000) . Some new selections are found to be soft-seeded compared to old varieties (Levin, 1994; Shi, 1991) , a trait often called ''seedless" (Stover and Mercure, 2007) .
In Lebanon, pomegranate is widely growing across the country at different altitude ranging from zero to 1100 m. Trees are mostly located at orchards periphery as natural fences or can be found in gardens and in some small commercial cultivations. Pomegranates are cultivated mainly for fresh fruits consumption and more particularly for the familial industry of the typical molasses extracted from sour acid varieties, product that is widely used in the Lebanese kitchen and the Middle East region. Despite its importance, pomegranate has always been considered as a secondary fruit crop in Lebanon. No written data is available regarding neither for the history and distribution nor for the superficies and production of this crop. Finally, pomegranate varieties grown in Lebanon have never been investigated before.
Given its high adaptability to harsh conditions, its extending market and the low cultivation requirements of this crop, much attention is being directed to develop pomegranate culture in the country. This may contribute to the diversification of agriculture in the region, the development of new typical products for local and regional markets, the enhancement of pomegranate into food processing, molasses, juice and medicinal industries, the acquisition of new source of income for local growers and traditional farms, and the preservation of agrobiodiversity.
Varieties are usually characterized by morphological and pomological descriptors. Although expression of these descriptors is strongly influenced by environmental conditions and agricultural practices, morphological characterization is required as a first step before using molecular markers (Hoogendijk and Williams, 2002) . Additionally, the inventory of accessions based on morphological descriptions is of great importance for planning both genetic resources preservation and diversification strategies.
Pomegranate varieties and accessions grown in Lebanon have never been reported before. Planted material is usually given anarchical local names where the same denomination may refer to different pomegranate varieties. Therefore to promote pomegranate as healthy and solicited fruit and to preserve its existing genetic variability, the inventory and evaluation of accessions of this crop are indispensable.
The main objectives of the this study were to establish an inventory of the local pomegranate accessions growing in the commercial plantations, and to assess their phenotypic variability according to 28 quantitative and 10 qualitative morphological descriptors of leaves, flowers, fruits and juice. Results are expected to pave the road for founding the first Lebanese pomegranate resources collection in the country which will be further evaluated for their agronomical traits and molecular variability prior to elaborate a comprehensive diversification actions.
Materials and methods

Plant material
Field survey and germplasm collecting missions were performed throughout Lebanon in August-October 2013 with the aim of collecting different in situ pomegranate accessions growing in commercial plantations. A total of 23 locations have been retained for the study spread over five main geographical areas, the North, the South, Mount Lebanon, Bekaa, and the BaalbekHermel (Fig. 1) where four to five orchards with minimum 25 trees were selected in each location. For each accession, five trees with good canopy and healthy sanitary status were considered to be submitted to morphological characterization. In order to assure data traceability, GPS coordinates and elevation for each field were registered (Table 1) . For each tree, samples of 15 mature leaves, five hermaphrodite and five male flowers, and five fully mature fruits harvested between 15 and 25 October 2013, were studied.
Morphological and chemical descriptors
Morphological and chemical characterization of accessions was based on the list of descriptors previously developed for pomegranate (Mars and Marrakchi, 1999; Zaouay and Mars, 2011) . Thus 28 quantitative were measured. They are: leaf length (in cm), leaf width (in cm), petiole length (in cm), percentage of male flowers (%), male flower length (in cm), male flower diameter (in cm), male flower petal number, male flower petal width (in cm), male flower petal height (in cm), hermaphrodite flower length (in cm), hermaphrodite flower diameter (in cm), hermaphrodite flower petal number, hermaphrodite flower petal width (in cm), hermaphrodite flower petal height (in cm), fruit weight (in g), fruit length (in cm), fruit calyx length (in cm), fruit diameter (in cm), fruit sepal number, fruit calyx diameter (in cm), fruit equatorial skin thickness (in cm), fruit skin weight (in g), juice volume/100 g (in ml), juice pH (ADWA AD1030), juice titratable acidity (ml), brix (%) and sugar/acid ratio (determined with an Atago N-20 refractometer 159 at 20°C). Juice characteristics were determined according to AOAC analytical method (Horwitz, 2000) . Ten qualitative descriptors were also examined: male and hermaphrodite flower shape (vase, intermediate, bell) , male and hermaphrodite flower petal shape (ovate, elliptic, orbicular, obovate), male and hermaphrodite flower petal color (red, orange, pigmented), male and hermaphrodite pistil/stamen height ratio (very short, short, high, very high), fruit skin color (scale from 1 (green) to 10 (dark red)), juice color (scale from 1 (dark red) to 12 (light yellow)) (Zaouay and Mars, 2011) .
Data analysis
Qualitative traits have been described and scored. For each accession and for each trait, mean ± standard deviation and coefficient of variation were calculated. The Kaiser-Mayer_Olkin Measure of sampling adequacy (KMO) and Bartlett's Test were applied to test the suitability of the data for the principal component analysis, implemented in the REdaS R package (Hatzinger et al., 2014) . A KMO value closer to 1 is good and 0.6 is acceptable (Tabachnick and Fidell, 2007) . The Pearson's coefficient was applied to create a correlation matrix from which standardized principal component (PC) scores were extracted. Principal Component Analysis (PCA) was performed on all individuals of the dataset using the FactoMineR package (R Environment, 2016) . PCA analysis allowed to determine the variability between individuals and identify a short list of active variables with resumption performance, and to group individuals according to active variables. The biplot of individuals on the first two PCA axes was performed on all accessions using only active variables by using the res.pca function. Thus, the degree of contribution of each of the characters to the total variation was calculated in order to indicate the most relevant traits (Saporta, 1990) . Scatter plots of the first two PC scores were generated also to show better spatial grouping based on most variable characters and avoiding involve all data input. Later on, an Agglomerative Hierarchical Clustering (AHC) analysis was executed following the Ward's method by calculating the dissimilarity using Euclidean distance. The AHC results were summarized by a table of means among the genotypic groups for the most discriminant traits. The estimation of variability for the most discriminant or all character within each genotypes group (cluster) was computed using the standardized Shannon-Weaver Diversity Index (H 0 ) (Shannon and Weaver, 1949) . The different group sizes were corrected to N = 20 accessions and diversity indices were recalculated and compared based on Friedman formula at the level of significance a = 0.05.
Results
General status of pomegranate plantations and accessions designation
Pomegranate orchards were distributed in various agro-climatic areas at altitude ranging from 11 m (site of Adloun in the South littoral) to 1277 m (site of Hay el Charawneh in the inland area of Bekaa province) ( Fig. 1 ; Table 1 ). Around 70% of the visited orchards were old and inherited from father to son. They were planted between 1955 and 1980 with three to four named varieties, in mixture with other fruit crops (mostly olive and citrus trees). In some cases, an expansion of pomegranate plantation by the inheritors themselves was noticed independently of the geographic location using mainly the initial existing varieties. For the new established commercial orchards of pomegranate, the mono-cropping system with one single variety was rather adopted.
As to the cultural practices, supplemental drip irrigation, regular fertilization, weed control and pruning operations were restricted to the new orchards while many old orchards are often neglected. Excluding the occasional aphid attacks and the fruit cracking resulting from irregular irrigation, pomegranate is considered as problem free cultivation.
The growing material is mainly originated from cuttings exchanged between neighboring farmers and villages and between relatives and nurseries in different agro-climatic areas of Lebanon. Although there is no previous documented data on pomegranate, famers believe that some foreign varieties would have entered the country since the early sixties coming from Syria and Jordan.
According to farmers, pomegranate orchards are constituted of three main categories of traditional accessions that are rather designated in Arabic according to the fruit taste: Helou (sweet taste), Lefani (intermediate taste) or Hamod (sour taste). Many of these accessions are directly designated by their taste, while others were denominated according to other characteristics of the fruit e.g. Mokh El Baghl (big like the mule head), Hajouji (seedless) or according to the initial owner e.g. Rehben (monks). A total of 78 accessions were retained in this study belonging mainly to Hamod (28 accessions), Helou (10 accessions) and Lefani (23 accessions) in addition to four other vernacular names Mokh El Baghl (11 accessions) Hajouji (2 accessions), Rehben (2 accessions) and Semeii (2 accessions).
Major characteristics of pomegranate accessions
A large variability was revealed among the 78 pomegranate accessions studied. Minimum, maximum, average, standard deviations and coefficients of variation values calculated for the 35 studied traits are reported in Table 2 .
Leaf traits exhibited average values of coefficient of variation comprised between 14 and 20%. Accession designated as Lefani SL70 had the longest (7.05 cm) and almost the widest (2.25 cm) leaves while accession Lefani B44 presented the shortest (3.47 cm) and narrowest (1.11 cm) leaves with a short petiole (0.32 cm). Accession Hamod B53 had the shortest petioles (0.31 cm) with narrow leaves (1.28 cm) ( Table 2) .
Regarding the flower characteristics, most of the accessions had orange petal color while the petal shape varied mainly from orbicular to obovate, elliptic and oval. The percentage of hermaphrodite flowers per tree varied from 5 to 99% (CV = 56%) vs. 1 to 95%, of male flowers per tree (CV = 69%) ( Table 2 ). Around 83% of male flowers had a bell shape while 14% had an intermediate shape and 3% had a vase shape. In opposite, 89% of hermaphrodite flowers had vase shape, 10% had intermediate shape while only 1% had bell shape. Male flowers length ranked between a minimum of 2.66 cm and a maximum of 7.20 cm with an average of 4.22 cm while hermaphrodite flowers length varied between 3.90 and maximum length 6.70 cm and an average of 5.23 cm. For male flowers, the smallest ones were observed in Lefani SL71 with 2.36 cm diameter, 5 petals per flower and a very short pistil; whereas the largest male flowers were found in Hamod B43 with 7.20 cm length, 4.40 cm diameter, 6 petals per and a long pistil. As to hermaphrodite flowers, the highest diameter was found in Hamod B43 with 4.40 cm, the longest and largest one in Lefani B48 with 6.7 and 2.49 cm respectively. Petals number of hermaphrodite flowers varied from 3 in Mokh El Baghl SL64 to 8 in Hamod NL11. Most of accessions with hermaphrodite flowers had long pistils while the shortest pistils were found in male flowers.
As per the fruit characteristics, accessions exhibited skin color ranging from green (e.g. Helou NL16) to dark red (e.g. Semeii ML27), passing by the red pink (e.g. Hamod ML29) and the brown red (e.g. Hamod B45) with the majority being yellow (e.g. Hamod NL1) ( Table 2 ). Fruit weight varied widely between a minimum of 43.15 g found in Hamod B53 and a maximum of 358.60 g in Lefani SL67 with an average weight of 210.17 g and a high coefficient of variation (32%). Fruit length had a minimum of 3.90 cm observed in Semeii ML27, a maximum of 8.40 cm found in Lefani ML31 and an average of 6.80 cm and a coefficient of variation of 13%. Fruit diameter ranked from 4.41 cm recorded in Hamod B53 and 9.04 cm in Lefani SL67, with an average of 7.55 cm and a coefficient of variation of 13%. Skin weight varied between 11 g in Semei ML27 and 135.67 g in Lefani SL55 with an average of 66.86 g and a coefficient of variation of 39%. Fruit Sepal numbers varied from 5.40 in as seen in Lefani B48 to 7.60 in Mokh El Baghl SL73. The fruit calyx was the shortest in Hamod B49 with 0.12 cm and the highest in Lefani SL58 with 2.46 cm. Calyx diameter ranged between 0.66 cm as to Lefani SL71 and 3.92 cm in Hamod NL8. Equatorial skin thickness also differed among accessions with a minimum of 0.10 cm in e.g. Hamod NL6 and a maximum of 0.34 cm in Hamod SL56. Globally Semeii ML27 carried the smallest fruit with 48.75 g weight, 4.68 cm diameter, and 3.90 cm length, 11 g skin weight while Lefani SL67 was the biggest fruit with 358.60 g weight, 9.04 cm diameter, 8.38 cm length and 126 g skin weight.
The pomegranate juice color exhibited a large variability (CV = 63%) ranking from light yellow to dark red. Juice content presented an average of 61.12% with the greatest content of 78% obtained in Mokh El Baghl SL65 and the lowest one of 25.50% in Hamod B53 (Table 2) . Juice of the accession Semeii ML26 had the highest acidity with the lowest pH value of 2.07 while Helou NL16 juice was the sweetest one with a pH value of 4.39. The juice sugar/acid ratio presented a high variability among accessions (CV = 66%) and was the highest in Rehben ML39 (640.63) and the lowest in Hamod B49 (28.78).
KMO was found to be 0.61 for all dataset and the Bartlett's test of sphericity was significant (Chi-square = 2130.151; df = 666, p < 0.05). PCA results showed a great variation among the accessions depending on the morphological and chemical descriptors. The first four components explain about 48% of the total variance. In the first component accounting 19.62% flower variables were prominent (Table 3) . Flower variables are essentially represented by the male flower length, petal width, petal height and hermaphrodite flower petal height. In the second component representing 12.65% of the total variance, fruit skin weight, fruit length, diameter and weight were the most significant variables. The third component representing 9.2% of the total variance has been influenced by male flower diameter, flower petal number, hermaphrodite flower petal number, fruit skin weight, fruit calyx diameter and juice pH. The fourth component representing 6.40% of the total variance is dominated by the percentage of male flowers, male flower pistil/stamen ratio, fruit calyx length, fruit equatorial skin thickness, and juice pH and sugar/acid ratio. PCA analysis allowed to identify 20 active variables on the first two axes (Table 4) , the first axis upholds 81.25% of the total active variability while the second one represents 14.65% of the total active variability. The sugar/acid ratio was highly correlated to the first axis (0.99% of correlation, P value < 0.05), indicating its importance in differentiating the accessions studied.
Relationships among accessions
The PCA bi-plot based on the active variables showed a clear separation between Helou, Hamod and Lefani accessions (Fig. 2) . Thus, a first grouping constituted of Hamod and Semeii accessions with low sugar/acid ratio was differentiated from another grouping of Helou, Mokh El Baghl and Rehben accessions with high sugar/acid ratio. Another group was formed by Lefani and Hejouji accessions characterized by intermediate sugar/acid ratio. Moreover, there was not a spatial separation between the studied accessions according to the field location whether of North, South, Mount Lebanon, Bekaa or Hermel.
The dendrogram constructed on the base of the most 20 discriminant qualitative and quantitative characters showed three main groups (Fig. 3) . Indeed at 94.4% dissimilarity Hamod accessions were separated from the others (C1) by their sour taste, their lowest sugar/acid values (centroid = 67.7) and their small fruits (centroid = 184.9 g). At 20.1% dissimilarity the other individuals were divided into two groups: the Lefani accessions (C2) characterized by a moderate acidity taste and an intermediate sugar/acid ratio (centroid = 275.7); and the Helou and Mokh El Baghl accessions (C3) having a sweet taste and a high sugar/acid ratio (centroid = 438.2). The Shannon Weaver Diversity Index (H 0 ) calculated for Helou, Hamod and Lefani groups based on the discriminant descriptors varied between 2.602 and 3.174 (Table 5) . The main lowest values were recorded for the fruit quantitative traits that are mostly influenced by agro-climatic conditions and cultural practices, while the highest value was associated to hermaphrodite petal height for both Helou and Hamod accessions (H 0 = 3.003) and with juice volume in Lefani group (H 0 = 3.174). Q test revealed that H 0 index is significantly different between Helou, Hamod and Lefani groups at a = 0.05 with high level of variability in
Lefani (H 0 = 3.174) and Helou (H 0 = 3.003) groups while Hamod accessions varied less (H 0 = 2.602). At 4.3% dissimilarity, six clusters were differentiated with subclustering of group C1, C2 and C3 into two sub-groups each. Subgroup C1.1 is the largest one regrouping 23 accessions, all Hamod, characterized by being the most acidic for the majority of the accessions. Sub-group C1.2 is constituted of five Hamod accessions among them accession Hamod B53 which has the smallest fruit and the lowest juice content and the two Semeii accessions that have the lowest pH and the lightest skin weight. The majority of the accessions of this sub-group is characterized by the lowest fruit weight, fruit length and fruit diameter. Sub-group C2.1 regroups 13 Lefani accessions, two Hejouji and one Helou accession. Subgroup C2.2 is constituted of 10 Lefani accessions having the biggest fruits for the majority of the accessions. Sub-group C3.1 is clustering 17 accessions of which 10 are Mokh El Baghl cultivated in South Lebanon and seven Helou accessions growing in the South (Helou Table 2 Description of the variation of studied trait using the minimum, maximum, standard deviation and coefficient of variation (CV%). Close similarities were found between the accessions of the same group growing in different agro-climatic conditions. This is the case of Semeii accessions growing in Mount Lebanon and many Hamod accessions coming from Bekaa and North Lebanon; Lefani NL2 from North Lebanon and Lefani SL71 from South Lebanon; Lefani SL69 from the South and Hejouji NL18 from the North; Rehben from Mount Lebanon, Helou NL15 from North Lebanon and Mokh El baghl SL73 from the South; Helou SL74 and Mokh El baghl SL68; Helou ML33 and Mokh El baghl SL66 from the South. This extremely low dissimilarity among accessions is mainly explained by similar % of male flowers, male and hermaphrodite flower petal shape, fruit calyx diameter, fruit skin weight, and juice volume.
Discussion
This study is the first assessment of the Lebanese pomegranate germplasm with an emphasis on the local accessions. Our inventories reveals only seven vernacular names denominations across the country which reflects a narrow basis compared to the ones indicated for other fruit crops in the country such as almond (Chalak et al., 2007) and olive (Chalak et al., 2015) . Most of studied accessions appeared to be traditional varieties that are commonly cultivated by local communities since decades. Similarly Hamod and Helou varieties are also found in Syria (Al-Halabi et al., 2013) neighboring countries (Morton, 1987) . Also, as to the cognitive information provided by farmers, part of the Lebanese germplasm might be coming from Turkey and Iran as to the old history of the country and the whole region during which goods as well as propagating material were entering Lebanon from neighboring countries and vice versa. (Ismail et al., 2014) . Among the descriptors used in this study, fruit size and juice sugar/acid ratio appeared as the most discriminating characteristics to differentiate the pomegranate accessions. Those traits are often sought by nurseries and breeders to satisfy the local demand. Farmers and consumers tend to prefer big acid fruits for molasses production often associated to gender and family business. More recently, the market is undergoing an increasing demand for large sweet fruits for both fresh fruit and juice consumption. It is the case of Mokh El Baghl accessions which have big sized fruit and sweet taste.
Although the assessment of relationship among accessions reduces their differentiation to sour, intermediate and sweet groups independently of their geographical growing areas, a nonnegligible variability is displayed within each group involving fruit size, skin thickness, juice attributes. This was confirmed by the Shannon Weaver Diversity Index (H 0 ) results which revealed high level of variability in Lefani (H 0 = 3.174) and Helou (H 0 = 3.003) groups while Hamod accessions varied less (H 0 = 2.602). The fact that the accession grouping was not correlated to their geographical origin suggests a wide interchange of planting material between different growing villages over a small country like Lebanon. This is certainly due to the vegetative propagation of this crop by woody cuttings long time practiced at the country level unlike the other fruit crops where seed propagation was often used and generated diversity (Chalak et al., 2015) . This result is in line with the findings of Hasnaoui et al. (2011) who demonstrated that genetic distance between cultivars are rarely correlated to their geographical origins. Thus the same planting material may have different denominations depending on the cultivation area which may explain the cases of synonymies found among the pomegranate accessions studied. For instance, Semeii accessions growing in Mount Lebanon were clustered very close to many Hamod accessions coming from Bekaa and North Lebanon. This is also the case of Rehben from Mount Lebanon, Helou NL15 from North Lebanon and Mokh El baghl SL73 from the South; Helou ML33 and Mokh El baghl SL66 from the South; Lefani SL69 from the South and Hejouji NL18 from the North. Actually farmers in South Lebanon use to call all sweet accessions as Mokh El baghl, while Hejouji is used by farmers of North Lebanon to designate the type with very soft seeds, optimistically called ''seedless". In Mount Lebanon farmers designate the sour type accessions by Semeii while the same type is called Hamod in the other cultivation areas. Mislabeling was also reported for pomegranate accessions growing in Tunisia (Mars and Marrakchi, 1999; Hasnaoui et al., 2011) .
Comparatively, much tremendous diversity in terms of vernacular names, morphological fruit descriptors and juice chemical traits, was reported among the Turkish accessions (Caliskan and Bayazit, 2013) and Iranian cultivars (Akbarpour et al., 2009 ). Likewise, a broad morphological genetic diversity was reported for the pomegranate germplasm in Jordan (Awamleh et al., 2009) and Morocco (Haddioui, 2012) . Nevertheless, this large diversity based on morphological and chemical descriptors is greatly influenced by the agro-environmental conditions and generally narrows when the accessions are studied at the molecular level (Mars, 2000; Zaouay and Mars, 2011; Melgarejo-Sánchez et al., 2015) . Actually microsatellites analysis was reported in completing the morphological characterization and assessing the diversity of pomegranate germplasm in Italy (Ferrara et al., 2014) , Spain , India (Narzary et al., 2010; Singh et al., 2015) , Turkey (Orhan et al., 2014) , and Egypt (Ismail et al., 2014) . Genetic analysis of the Tunisian pomegranate germplasm suggested that almost all cultivars share similar genetic background, and are likely derived from a small number of introductions in ancient times (Hasnaoui et al., 2012) . Similar findings were obtained for pomegranate germplasm in Northeastern Turkey when analyzed by AFLP despite the high morphological variability observed within the same group (Ercisli et al., 2011) . This low correlation noticed between morphological and genetic traits as observed in pomegranate wing countries could be due to the selection of privileged clones and their diffusion through vegetative propagation (Orhan et al., 2014) . More recently, the utilization of SNP markers allowed to establish a high-throughput transcriptome and genetic-marker infrastructure, suggesting interrelations among pomegranate accessions all over the world (Ophir et al., 2014) . 
Conclusion
Although preliminary, this attempt to characterize the Lebanese pomegranate germplasm via morphological and chemical descriptors reveals a significant diversity. Accessions studied are mainly differentiated according to the juice pH and sugar/acid ratio. Nevertheless the extension of this study to other relevant descriptors such aril traits, quality attributes, and phenological stages should provide additional pertinent information (Hasnaoui et al., 2011; Melgarejo-Sánchez et al., 2015) .
The phenotypic characterization of the Lebanese pomegranate germplasm is certainly a first indicator of its diversity status prior to attempting molecular assessment as per the SSRs markers identified in this species (Ferrara et al., 2014; Singh et al., 2015) . A comprehensive understanding of the genetic diversity of the Lebanese pomegranate germplasm will be undeniably of great importance for managing the conservation of pomegranate genetic resources and enhancing varietal diversification strategies. 
